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ABSTRACT

The Inner Northern Busway — Queen Street to Upmen&Street (INB) project completed the
central link in Brisbane’s world class busway netwdt connects the northern, south-eastern,
eastern and future western bus transit routesgeeatly improves urban connectivity and travel
times while removing buses from busy city streBessign and construction of the project was
extremely challenging. The 1.2km project was vemnplex; with no single 50m section the
same. The project included a 500m tunnel, two majarstations within existing city structures,
a Cycle Centre and significant road and rail irsteels. The INB project was delivered under
budget and six months ahead of schedule over a jle@ period. The project also set new
benchmarks for sustainable design and construaticeptional quality, innovation and team
management; and effective community and stakehoédations. This paper, based on the ACAA
award nomination prepared by the INB HUB Allian@tpers, focuses on technical and
management innovation as evidenced in the INB ptoje particular, the paper details six of the
most complex and difficult design and constructiballenges faced on the project, and details
how project leadership and management innovatitpeddo deliver outstanding project
outcomes.
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INTRODUCTION

The Queensland government is creating a world-dasway network that will eventually span
Brisbane, Australia’s fastest growing city. Buswaysvide city commuters with significant
travel time savings, reduced traffic, improvedaality and noise levels and greater urban
amenity.

The Inner Northern Busway (Queen Street to Uppend&8treet) project completes the ‘missing
link’, connecting Brisbane’s CBD to the rest of thaeer Northern Busway. As a central link in
the Busway network, the Inner Northern Busway ceatsthe northern, south-eastern, eastern
and future western bus transit routes.

The new busway connects with and expands on egistioling and pedestrian infrastructure and
underpins new ‘walkable’ urban developments. thesfirst project in Brisbane to fully integrate
transport services by placing a cycle centre (dridmfacility) within a busway station and a
busway station within a rail station, integratinghnintra and interstate trains and buses.

The project was a significant design and constoanathallenge. The challenges of building a
major piece of civil infrastructure, integrated kvixisting buildings and major transport
infrastructure, through the heart of Brisbane’s OB& made even more difficult through:

» complex inner city/CBD environment with major uigs (electricity, gas, water, sewer and
telecommunications)

» construction through existing buildings while maining full operation, including nine-level
underground public car park beneath King Georgea&q(KGS) and the rear of Brisbane
Transit Centre

» construction across and under major city streetgewmaintaining traffic flow

* heavy excavation and construction near City Hallhistoric church and a four—star hotel

* remodeling rail tracks, bridges and heritage-ligidforms at Queensland’s main passenger
rail hub

» working with 1000+ stakeholders impacted by thgqui

e supporting inner-city business activity during doastion, and

* managing major scope changes.

SCOPE OF WORKS

The original project scope was based on a muchlensamheme of INB1 (between Queen Street

and Roma Street). Queensland Transport's RequeBtdposals outlined 15 functional

requirements including:

» tunnel under Albert Street connecting Queen SBestStation to King George Square
(KGS) car park

* underground busway station through KGS car park twb 55m long in-line platforms, and

* bus turnaround at one end of the KGS Busway Station

There was no agreed concept for the busway tdlork the new KGS Busway Station to the
existing busway at Countess Street. The origina¢se travelled up Roma Street with a poor
connection to Roma Street Railway Station and piaiemottlenecks for local traffic.

Following appointment of the INB HUB Alliance in M&005, preliminary design and budget
development proceeded. The project scope was coastyg expanded to include INB2 (Roma
Street to Countess Street). The alignment fordgbddion was agreed as a dedicated off-street
busway proceeding through the Roma Street Forumntehe Brisbane Transit Centre (in



railway land) and connecting to the constructed pariNB. A western connection was also
included, over Countess Street and connecting Wijher Roma Street adjacent to the fire station.

The scope of works ultimately included:

* world class busway

* busway station in the lower levels of KGS car p@avkh the car park to remain operational
throughout construction) with two 130m long platfsr providing five inbound and five
outbound stops and platform concourses

* busway station at the Brisbane Transit Centre rategyy with intra and interstate trains and
buses

* 500m long tunnel joining to the existing Queen &tkBus Station (QSBS) and tunnel

* two underground bus turnarounds

* major alterations to the Roma Street Railway Statidhout impacting on rail services
(remodelling of two rail platforms, one rail traskmoved and two rail tracks re-laid in a new
dual gauge configuration), and

* major public utility provider and traffic interfaceork to enable crossings across major CBD
streets such as Ann Street, Turbot Street and Algefitreets.

Additionally, five projects were added to the agkrseope of works, namely:

» early delivery of the Caxton-Roma Pedestrian Lirkpedestrian bridge forming part of the
government’s ongoing Suncorp Stadium development

» early delivery of a section of KGS surface workstially designated as future Brisbane City
Council (BCC) works

* inclusion of a purpose-built Cycle Centre withie tikGS Busway Station envelope

» provision of a Transport Information Centre for B@&ad the Queensland government, and

» laying 500m of a pipe under the foundations oftihsway for Brisbane’s future recycled
water network.

Figure 1 below outlines the INB design and key tmrasion features and illustrates the key
design and construction features against a lontgpseaf the project.



The INB design and key construction features

ce
e
™
wiew

Roma Street Parklands

Wickham Park

Albert Street

5o

65
o
s

Herschel Street

S

£ ‘s
L
Saul Street

King ae
Edward
Park : : Albert S
: @ Uniting
P Church
@

®Lee

€

-
=

N P bbbt

\
t g *
i 2 ~ @ -
Sebel & &
L oo $8 39
» Hotel Qa B
@ - §
* /3 oo i =
lagistrates = > o 3 Em
3 2
Court 8 K] & £ %
2 3 2 @ 2
i 3 3 2
S 2 > s
> 2 2 g
o
g g £ 2
< o [
& & a8
$  George Street ] g
5 £ 5 o
?
o
kS = &
8 $ 2
2 & s
g £ £
3 =
3
x
=
1S
North Quay
- Above Ground Busway
I Tunnel
I Bridge
Platform
I QR Piatform A
=}
@ Complex PUP works in "§
this vicinity were worked &
around or relocated to g
accommodate construction s
a

HE

9 Remove dual gauge interstate rail track from Platform 1;
replace tracks 2 and 3 with dual gauge track; remodel
heritage awning on Platform 3 building; build integrated bus
and rail platform

1 Construction of Caxton-Roma Pedestrian Link over rail
corridor, interface with commercial development at the
Barracks site

2 Busway connection at Skew Street intersection

10 QR long distance crew sleeping quarters - temporarily

relocated

11 Build new rail bridge

3 Construction of busway in acquired rail corridor
4 Construct a new rail bridge over Countess Street

5 Remodel dual gauge bridge to accommodate two lane
busway over Countess Street

6 Connection to the existing INB

12 Build new four-span busway bridge

13 In-bound Roma Street closed to through traffic (hotel and
car park traffic only)

14 Remove waterfall and statues from Roma Street Forum;
access for food vans servicing the homeless; reinstate the
park in the Roma Street Forum over the tunnel structure

15 Construct ventilation outlet for the tunnel; new Roma Street
bus portal access location

7 Fire-grade roller shutters installed in place of permanent
structure

8 Resume a portion of the Brisbane Transit Centre —
demolition and staging to construct the station

e e = e

16 Staged piling and construction of tunnel roof across Turbot
Street

17 WWIl Command Centre uncovered; Sir William Glasgow
Statue relocated; two fig trees relocated

18 Temporary carpark ramps built through construction site for
KGS Car Park and Suncorp Building

19 Location of new KGS Cycle Centre and Ann Street entry
structure for the busway

20 Deep excavation for bottom up construction adjacent to
historic church; reconstruct Albert Street as a shared zone

21 Staged piling and construction across Ann Street; night
works impacting on the hotel

22 Install temporary pedestrian ramps through KGS

Figure 1: INB design and key construction features

TYPE OF CONTRACT
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23 Complex demolition and construction staging sequence
within the KGS Car Park

24 Demolish part of KGS surface to build BCC's new Grand
Ramp

25 Preserve elements of heritage listed Wheat Creek Culvert

26 Temporary sewer bypass installation undertaken during
busway works

27 One-way Burnett Lane was modified to accommodate two-
way traffic during construction

28 Connect to operating QSBS; close Albert Street to traffic;
relocate 115 bus services

This Alliance was different from many other Allisex; where the basic scope of the project is
known and approved when the Alliance is formedhia case, the project parameters were
extremely broad and the new team developed andgregct scope (the Reference Scheme) in
consultation with key stakeholders. The Alliancetipars were Queensland Transport (client),
and non-owner Alliance partners Leighton Contragtaunsell AECOM (how AECOM),
Coffey, Bligh Voller Nield and EDAW (now EDAW AECOM The Alliance model was
identified as the best approach to deliver thegatojvithin a very tight budget, while providing
the bus operational flexibility and greatest coefide of best value for QT and other
stakeholders. There was a strong expectation thAtl@nce would achieve the kind of



breakthroughs that were needed to meet or excegecpobjectives — breakthroughs that would
not have been possible using other methods.

Under the Alliance agreement proposed by QT, atigpants took collective ownership of all
risks associated with project delivery, with eqoiégasharing in agreed ratios of ‘pain’ or ‘gain’,
depending on how outcomes compared with pre-ageggdts. The client and a large multi-
disciplinary team worked together in a relationgtgiged environment to successfully deliver
very challenging goals through high performancegwation, open communication and a no-
blame culture. A critical client expectation waattthe team would construct the busway with
minimum impact on neighbouring stakeholders anctityés travelling commuters — and this key
goal was achieved.

Further information on alliance contracting carfdaend in the following publications:

Morwood, R; Pitcher, I; & Scott D, 2008liancing: A participant’s guide: real life expences
for constructors, designers, facilitators and ctigiRohan Exton, Australia.

Department of Treasury & Finance (Victoria), A@06,Project Alliancing Practitioners’
Guide Department of Treasury and Finance, Victoria.

TECHNICAL CHALLENGES AND INNOVATION

This section focuses on six of the most complexdifidult design and construction challenges
faced and overcome through ingenuity and innovation

1. STIFFENING WALL —KING GEORGE SQUARE CAR PARK

The spatial envelope for the busway within King geoSquare (KGS) car park required
extensive demolition and modification of numeroosizontal and vertical structural elements.
The twin bus carriageways required the removaheflower two levels of floor slabs, and the
relocation of all three grids of supporting columissuit the new bus lanes and station platform
layouts. The space required for the concoursettirabove the busway required the removal of
the upper two levels, including the roof structuretotal, four of the five levels of horizontal
slabs were removed, which necessitated an inn@vatid highly engineered demolition
sequence, to maintain structural stability duringstruction.

Typical of most underground structures, the extenadls relied on the floor slabs to resist earth
pressures acting inwards. Before demolition offthe levels of floor slab, the southern external
wall (adjacent to City Hall) had to be stiffenetsti This was needed for the final wall
configuration, where intermediate slab levels weraoved and the wall structure spanned
vertically between the new roof, concourse and laysevels. In the concourse area, the
stiffening works extended for the full height oéthnderground structure, from the busway slab
up to roof level. The stiffening was necessarydotwl| wall deflections and prevent subsequent
foundation settlement of the City Hall on the othigle.

The complex stiffening works comprised of a reigéad concrete inner wall, minimum 500mm
thick, placed on the inside face of the existindlWidhe stiffening works had to be installed while
the floor slabs were still in place, maintainingikontal propping to the external wall. Continuity
of the vertical stiffening wall through floor slats achieved by a “hit-and-miss” approach,
where 1200mm x 500mm slab penetrations were callphto the existing wall, with an
undisturbed 300mm wide strip of floor slab betweanh penetration. The 300mm wide slab
strips provided horizontal propping to the existigll while a temporary steel jack was placed
transversely inside each penetration, lying hottialby



Once the steel jacks were in place and tightemed3®0mm wide concrete strips were saw cut
and removed, leaving a 7200mm long x 500mm widevsilih five horizontal steel jacks,
regularly spaced, across the slot. This occurrédden each column grid, spaced at 8000mm
centres, providing 90% structural continuity alahg length of the existing wall. This process
was repeated on multiple levels, with each floabgiropped vertically to account for the lost
support at the disconnected wall/slab joint.

Before wall steel reinforcements were placed, thelgacks were blocked out with polystyrene.
The steel reinforcement was placed through therslibte floor slab, around the steel jacks.
Reinforcement bars directly under the steel jackeeviitted with threaded couplers and placed
hard up against the underside of the polystyreoekbbuts. Wall concrete was poured one floor
level at a time, up to the top surface of eachrfkiab.

Once the new concrete had gained adequate strehgthew wall concrete inside the slab
penetration re-established a load path for thezbatal propping loads between existing wall and
floor slab. The polystyrene block-outs were brokety and the steel jacks removed. This enabled
the location of the threaded couplers under eatysfyoene block-out, into which reinforcement
bars were screwed, ready for the next lift of stifhg wall.

This innovative construction method provided mdegisn platform width by utilising an

efficient wall system of minimum thickness. Thisdegossible the enhanced arrangement of lift,
stair and escalator being located side-by-sidecadit to the busway. It also enabled the
demolition of four of the five slab levels of thederground structure, whilst maintaining
structural stability of the fully operational caarg.

2. TRANSFER BEAMS KING GEORGE SQUARE CAR PARK

The combination of restricted vertical clearancé ameed for column-free space were the
primary drivers for a complex arrangement of highel, concourse-level and below-concourse-
level transfer beams. In most cases, the transfamb were required to pick up the loads from
existing columns on the car park grid and trangfem down to ground via a new column
arrangement, according to the busway layout

High level transfer beams

These beams are located within the new roof strecaind also form part of the aesthetic of the
concourse ceiling. For ease of construction, t288®mm deep x 1050mm wide beams used the
level B floor slab as a working platform, priorlewvel B slab demolition. [Note: KGS car park is
a nine-level basement car park with two halvesebffisy one level. Hence, the northern half
comprises A (adjacent to Adelaide Street), C, Bn@ | levels, and the southern half comprises
B, D, F and H levels. Busway construction removex$inof the southern half of the car park].

At numerous locations, these beams are the supporisanging columns”, where existing
columns down to the concourse slab are suppleméytdd50mm diameter tension bars acting
as suspension rods to the concourse slab belowintdrgion was to vertically support the
existing slab below in the same locations as tigral car park structural layout, but without
continuing the column down below concourse leviisEnabled the existing concourse level
slab to be retained as a critical horizontal progglement, and to provide a column free space
below in the busway station. The high-level transigams act as multi-functional structural
elements as follows:

e Roof support
» Horizontal restraint for the waler beam on toptd stiffening wall



» Horizontal strut between stiffening wall waler beand existing shear wall, and
« Adelaide Street tunnel roof support beam at gri@&ing like a bridge structure).

Figure 2 below from the “Area 10 Construction metblogy” shows the transfer beams (viewed
from the South East in Adelaide St). The shoreamhs are on level D, the longer beams are on
level B of the car park. The beams are locatedamm grid line of the car park.
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Figure 2: Transfer beams viewed from the soutlieasdelaide Street
Concourse level transfer beams

These beams are located on top of the existing @etab, within the operational car park, and
are generally full depth (slab to slab) to maxinggectural capacity with minimum width. The
use of top-of-slab beams achieved maximum vertiearance for buses below, while being
configured in a way so as not to impede car pagatpns. The method of load transfer between
existing columns to beam was via an embedded, lyegmiveled connection. This connection
comprised 4x40mm dowels passing through each egistincrete blade column with a large
bearing plate on each end of dowels, embeddeceibdlly of the transfer beam. The intention
was to mobilise friction shear forces by clampihg hew concrete to old via the dowels and
bearing plates. The construction method was afsignt departure from the norm and was
difficult to construct, but it allowed an optimuradway alignment to be achieved below.
Generally the reinforcement was detailed for stieiction, and typically adopted N40
reinforcement bars to resist tension forces. Thevative design allowed the car park to remain
fully functional, despite the significant structlnaodifications in the area.

Below-concourse transfer beams
Limited vertical clearance in the busway only alémithese beams to be located over the round-
about or over the platforms, the most significagih over the roundabout, being 3000mm wide



and 1300mm deep. This beam allowed the transfarefjular grid of car park columns to be
picked up on an irregular grid of columns in thedfic islands of the round-about below. It also
kept clear of the smoke duct structure (refer tise 3 Fire Life Safety System) which required
a significant amount of space over the busway.

The beam perimeter was required to be built inestatye to the large cut-outs for its installation
in the level D concourse slab. The cut-outs forfthieoeam perimeter would have compromised
the load path of horizontal propping forces in sk, and therefore the beam was installed in
three stages, with progressive slab removal. @titonsideration was given to the timing and
sequencing of excavation activities in Adelaideusnel when this beam construction was taking
place. Threaded couplers were used to splice et iIginforcement. The beam used a similar
heavy dowelled connection to transfer the existiolgmn loads into the new beam/columns.

3. FIRE LIFE SAFETY SYSTEMS

The Fire Life Safety Systems in the INB are thgestibf a separate technical paper (Matthew
Bilson, Peter Gehrke, Andrew Purchase and Dr CorBtatey — see references for further
information. This paper will be presented at th& Ifernational Symposium on Aerodynamics
and Ventilation of Vehicle Tunnels on 13-15 May®0The text in this section has been
condensed or directly reproduced from that techimcaterial, appropriate to the current focus.

In designing, constructing and commissioning thre Eife Safety (FLS) systems, numerous
ventilation design challenges were faced for norgpallution) and emergency (smoke)
ventilation. The final design solution was an imgggd system that accommodates pollution
removal from the bus tunnel and smoke exhausti®btis tunnel and building spaces. It needs
to cater for varying normal operating modes andifate safe occupant egress and fire brigade
access during a fire. The numerous technical ahgdie included:

» Limited site and space provisiongor ducting or ventilation plant.

» Surface amenity: Ventilation exhaust and supply points were limitedl egress provisions
impacted by existing structures. Fire-isolatedstatthe surface were not possible.

» Operations: Connecting to existing Queen Street Bus StaticBE®) meant integration of
normal and emergency operations in the two statidumsng construction and after opening.

» Pollution separation of platforms: The platforms and busway are separated by glazed
panels and doors. A balance is required betwedantwl ingress to the platform and loss of
conditioned air to the busway.

* Building and tunnel interface: The platforms and concourses are covered by thieiBgy
Code of Australia (BCA) which is not applicable tiee tunnels. At the tunnel-platform
interface, accommodating the BCA provisions presehiallenges with fire separation and
smoke management.

The features provided to meet the ventilation gaat$ design challenges included:

* An extensive duct system for removing pollution e@ndormal operations and smoke in the
event of a fire. The integrated system serves ti@hiunnel and building spaces (platforms
and concourse).

» Jet fans for control/balance of normal operatiartosavs and smoke control/removal.

» Zoned smoke exhaust to minimize smoke spread andniza safety. The exhaust system
has automatic process controls and a full timeatper

» Fire services features integrated with the smokeagement system, including: a
customized wall wetting sprinkler system on glapadels; linear heat detection in tunnel;
pressurized egress passages; deluge system fetdtiasm and bus stops; and concourse
smoke curtains where permanent ceiling smoke bamere not architecturally desirable.



Ventilation duct design

The INB facility incorporates a large duct netwéok normal and emergency ventilation. Dual
duty fans are located at the Roma Street end. eTdxial fans of 2 metres diameter are installed.
Determination of multiple fan duty points for theneplicated duct system required the use of
computational fluid dynamics (CFD). CFD was ussdhe geometry was highly three-
dimensional (see Figure 3). The ventilation ductrgetry was constrained by the tunnel
alignment, existing services (e.g. sewer mains)sindtural/architectural requirements. This led
to a complicated geometry requiring significantoation between disciplines and continual
re-analysis as design progressed. The duct is sigopoy a suspended steel frame and hangers,
further complicating the analysis.

The CFD geometry was based on engineering draveindsketches. Over 70 CFD models were
run for various modes of operation and coveringi@ges of the structural design. The
commissioning measurements verified the veracithefCFD modelling undertaken.

Turnaround underneath Fan room

To Roma
Street

To QSBS

Platforms

Figure 3: CFD geometry for the ventilation ductigegdamper locations
not shown)

Tunnel ventilation — Normal operations

The design for normal operations ventilation needesichieve a number of goals including

pollution, temperature and velocity control. Achreythese goals was difficult given the nature

of the facility:

» Bus traffic was bi-directional with AM and PM pealgus timetables are subject to change.

* There was no room to incorporate an air supplyesysvhich meant the system was limited to
exhaust only. Connecting tunnels had limited heawalr@and width, meaning that locations for
jet fans were not optimal. Uni-directional fans tiade incorporated into the design.

 The design had to be integrated with smoke managermsgstems, requiring constant
coordination between operational and FLS goals.

» There was a notional requirement for no emissiom fportals, meaning that pollution could
not simply be blown through the tunnels.

* The interface with platforms: The goal was to préuaisway emissions entering the platform
area through open platform screen doors. Platf@masir-conditioned, so too much air drawn
from the platforms would reduce the air-conditigneffectiveness, and too little flow would
mean that buses would push tunnel air into thdgslat.

* The interface with existing QSBS: The new systerd t@ operate without compromising
operations in the QSBS, and the new system hadctonanodate changing ventilation
operations in QSBS.

» Aerodynamically, moving buses would have a sigaificdynamic effect on tunnel airflows.
This created challenge to the aim of minimisingrapenal complexity (i.e. set and forget).

Static and dynamic emissions calculations were iaklen accounting for the fleet
characteristics and transient behaviour of thdifacirunnel environment simulations were also
undertaken using SES and verified with steady-<E&t@ and commissioning measurements.



This analysis allowed the normal operations vetntilacapacity to be estimated for fan sizing.
To minimise power consumption, the normal operatieentilation is controlled by sensors that
monitor acceptable pollution levels. The requiredtiation flowrate is then controlled by VSDs.

Tunnel ventilation — Smoke management

The system is designed to accommodate a fire loadsponding to one or two buses at peak
heat release (30 — 50 MW). The smoke exhaust syisteoned to minimise smoke spread and
maximise occupant egress time. The exhaust systampers, fans) has automatic process
controls for operational simplicity. The operataed not control individual items of equipment
but instead nominates the location of the fire. iRethnt options for each fire location are
available and additional responses are also avaitabfire fighting.

Extensive CFD modelling was used to develop thekenmsanagement design, inform the
structural and architectural designs, and obtaikettolder agreement. Over 500 CFD models

were run through the life of the project coveringmerous scenarios and sensitivity cases.
Commissioning measurements confirmed the succese ahodelling undertaken by measuring

cold airflows and undertaking hot smoke tests.
smoke test
location

20
ready)

Se
FLUENT 6.2 (3d, segregated, spe, sk

Figure 4: Hot smoke test image compared to CFDitreesmoke spread

Building smoke management

Under the BCA, the platforms and concourses aisifiad as a Class 9b (public assembly)

building. Due to the size of the facility and tember of storeys (three or more), a smoke

management system was required by the BCA. Fdr main building area the following smoke
management system was implemented:

» Platforms: The ventilation duct runs directly above the folahs and dampers were installed
in the ceiling of the platform. For a fire in thagsea the dampers are opened and smoke is
contained due to the very high exhaust rates.

« Ann Street concourse: This area is at grade and has a mostly open geiliNatural
ventilation, combined with a low rate of pressutia from the platforms below was used.
Pressurisation is achieved by opening the platidampers and operating the station fans in
reverse at low speed.

- Adelaide Street concourse: The ventilation duct runs below part of the Adé&iStreet
concourse. A connection was made to the duct b&lawilise the exhaust available.

Summary
The design and analysis of the FLS system for Ididgiired an integrated approach to the
tunnel/building ventilation design. Innovation waseded and CFD was an essential design tool.

4. WIDENING OF COUNTESSSTREET BRIDGE

As a consequence of the decision to build the bysweailway reserve on the southern
boundary of Roma Street Railway Station, the Atteihad to:



* relocate the dual gauge rail track from PlatforreOn

» provide dual gauging of Tracks Two and Three anatsiral work on the platforms to allow
for the re-routing of the larger XPT trains, and

* undertake approved modifications of the heritagiedl building awnings on Platform Three.

To avoid traffic impacts from the closure of Cowsgé&treet, the Alliance made the decision not
to build a new busway bridge over Countess Strgelelmolishing an existing rail bridge, but
instead convert the existing narrow rail bridgeiattwo-lane busway bridge. The existing
concrete rail bridge structure was, at the timedusy interstate XPT trains (as described above).

\

Original rail bridge Splitting the bridge longitudinally Joining the split with an infill slab

Figure 5: Three diagrams outlining the widenifghe Countess Street Bridge

Widening of Countess Street Bridge

L

Retrofit works included jack-hammering and scalptime existing bridge structure to expose
reinforcement, and construction of new abutmentspales. The existing concrete bridge deck
was cut longitudinally and then the southern edggband one half of the bridge deck, weighing
more than 350 tonne, was raised off its headstodkshifted up to 4m to the south. Two low
loaders and support frames were used with two I®kadraulic trailers, each with a haulage
capacity in excess of 250 tonne. The two bridgé@es were then tied with a new structural
slab, forming a wider bridge.

Reductions in waste from site through the reugbestructure saved the project team from
disposing of over 700 tonne of concrete, and the® a similar saving in replacement in
concrete and reinforcing/pre-stressing steel foea bridge.

The retrofitting and reuse of the existing raildge was a huge success for commuters because it
minimised the number of road closures (and herateddisruption) on Countess Street.

5. ALIGNMENT AND GEOMETRIC COMPLEXITY

The area of the project between Ann Street andoliBtreets was a very complex alignment and
geometric challenge that required a coordinatedirsiegrated design and construction response.

The works in this 100m section included:

* 2 lane busway extending under Ann Street and oimty behind Roma Street forum
* Roma Street busway station entry

» upper and lower plazas

* busway station concourse area

« two large smoke ducts (area totalling approximat€ignf),

»  Suncorp Building car park entry ramp

* KGS car park entry ramp

» large Cycle Centre and entry ramp

* reconfiguring street network, including Roma Stied Albert Street
* re-routing of major stormwater drainage

* minimising impacts on existing Turbot Street Bridge



* treatment of significant utilities
* plant and (jet) fan rooms, and
» urban design and landscape architecture features.

The complexity and degree of difficulty was heigteé by the requirement to maintain
temporary vehicle access to the operating car fagkKGS and Suncorp Building). There was
also the need to maintain services in the adjaceant reserves and to maintain traffic movements
in the busy city thoroughfares of Ann, Turbot armhia Streets.

SUNCORP ENTRANCE LOWER ALBERT STREET

ANN STREET

TURBOT STREET
UPPER ALBERT STREEET

UNDERSIDE OF FAN ROOM SLAB ———=

ROMA STREET

CYCLE CENTRE ENTRANCE

TURBOT STREET OFFRAMP

Figure 6: 3-Dimensional view of the Inner North&usway complexities

It was a unique 3 dimensional puzzle, created ircept design usinglX™ andAutoCAD™ and
detailed design completed usibgD™. It required individual discipline based solutions
(geometric design, structural engineering, civijieeering, mechanical and electrical services,
architecture, urban design and landscape archigdhat worked together to provide a holistic
solution. A collaborative approach was needed bghalindividual discipline areas to ensure the
solution as a whole worked. The Alliance structaltewed and facilitated this outcome which
would have been extremely difficult to achieve tigbh most conventional forms of contracting
where different disciplines are separate consuka/montractors.

6. USE AND DEVELOPMENT OF NEW TECHNOLOGIES

A number of new technologies were used on the iNBen by the openness of the Alliance
culture to new ideas and methods. The INB was dtigedfirst projects to utilise sub-alliance
agreements (discussed later in section: Projeadérship / Management Innovation of this
paper) with key subcontractors. The willingnesshef Alliance to spread the gain share/pain
share approach with other parties assisted in @dge&xceptional outcomes. Some of the new
technologies incorporated with the use of sub+ataagreements included:

» Spinefex Lifeguard SystemA temporary power reticulation system which reziithe site
establishment cost, provides a safer environmeshsanplifies changes as the site expands.
The components are manufactured from high impdgegoylene which is resistant to
corrosion and highly suitable for rugged consttsite.

*  QMAP: The project management system utilised innova@@WAP software which is a
process mapping tool that is easy to use

* Queensland first in concrete pavingit was negotiated and agreed with Department of
Main Roads (DMR) to amend their standard projeet# Technical Specification for
concrete pavements. The Alliance identified thatMlew South Wales Roads and Transport



Authority (RTA) had more experience with designpstouction and maintenance of concrete
pavements. The RTA Standard has been continuausisoved to more accurately reflect
“best practice”. The Alliance utilised RTA'’s expe# in this area which allowed the DMR’s
Technical Specification to be challenged and ame agpropriately.

* Expansion joints removed The aim here was to improve the rideability o$ésifor patrons,
reduce operational noise adjacent to a busy hotelQR sleeping quarters for long distance
train crews and reduce ongoing maintenance anctpeal costs. To achieve this, the team
was able to construct ‘seamless’ structural paverfvdthout expansion joints) as busway
bridge pavements while maintaining engineeringdsaas.

* Real time geotechnical sensordihe Alliance used state of the art geotechnicalitodng
activities to provide real time data on vibratioravertical and horizontal building
movement.

PROJECT LEADERSHIP/MANAGEMENT INNOVATION
SHARED VISION

“Building a one team approach through strong lestdprand a common purpose” was the shared
vision prepared and signed upon by all partiehiefiNB HUB Alliance. The achievement of
outstanding outcomes on the INB project is attedub the calibre of leadership and
management within the Alliance, especially of thejétt Alliance Board (PAB) and Alliance
Management Team (AMT). Leadership generated a dhaseon and goals, while management
delivered results through systems and controlsA®ance principle was ‘the right people for

the right role’ and this was followed by selectihg strongest candidates for all positions,
enabling a ‘do it right the first time’ approach.

Leadership and management were demonstrated thtbadtigh level of innovation on the INB.
All team members were committed to high performaachieving outstanding project outcomes
across all key result areas (KRAs), and behaviragaordance with Alliance principles at all
times. Other Alliances such as Trackstar and Caat€ct have now adopted many of the
leadership approaches used by the Alliance, maabhohaving People and Culture as a
measured KRA and a Peak Performance Manager te datcomes. This approach is becoming
an industry standard.

Because of its unique central Brisbane locatiois, lilgh profile project was constantly under the
spotlight during construction. It has impressedigands with its approach and what it has
delivered; and continues to do so daily with eMeaner Northern Busway traveller. The Alliance
has effectively shared their vision with Brisbane.

PROJECT DELIVERY

The AMT had an important control function but aésopowered personnel to make decisions in
their own fields. It included functional leadersrépresent key disciplines of the wider project
team. This included senior managers from the desmmstruction, commercial, safety, systems
and controls, community and stakeholders, and pedkrmance teams, and was complemented
by client and stakeholder representatives from QansLink and BCC. This inclusion of senior
client and stakeholder representatives optimisediétision-making process and ensured that the
final selection of the preferred scheme was thé deerall outcome for the project.

The innovative peak performance manager role wasitant in developing a high performing
culture. This manager worked closely with the Alta Manager and the AMT to develop a Peak
Performance Plan (an Alliance first) to link theyda-day activities of the Alliance to the
project’s vision, goals and objectives. This rolgsvintegral to the development of a powerful



culture, the adoption of associated Alliance betiarg and achievement of the People and
Culture KRA.

Leadership qualities were fostered at all levelsugh a common commitment to Alliance values
and high performance outcomes. Delivering six meatiiead of schedule on a highly complex
project during a construction boom was an exceptiontcome. This effort was attributed to
excellence in project management and a robust apprm construction planning.

M ANAGEMENT |INNOVATIONS

Along with the technical innovations, the INB HUBIiAnce adopted and implemented
management innovations that ensured the succels pfoject. Adoption of sub-alliances was
instrumental in aligning key subcontractors witshared vision for project outcomes and was
particularly relevant with piling subcontractorsv@n the high demand for these skills at the
time). The sub-alliance agreement gave increasahtive for these subcontractors to deliver
under or within the time and budget agreements.

Key leadership initiatives created an effective aggment framework for project delivery. These
included training initiatives to encourage perfonoa, embedding stakeholder representatives in
the team and well run occupational health and gaietgrams, all contributing to the shared
vision and strong performance. These innovationsiwtiemonstrate effective management are
detailed below.

Effective Management through Training

The Alliance placed a high priority on workplacaiting to achieve a culture of
exceptional performance, with a shared vision oteas across multi-disciplinary teams.
Recognising that well-trained people achieve ountiiteg goals, the management team
developed a program to achieve the best outcomdmoth the project, and the team as
individuals. The effectiveness of training and isg one team culture meant the team
developed a shared sense of responsibility.

Effective Management for Innovation
The benefits of innovation can be seen in manyhefilB’s construction solutions. This was
supported by strong leadership and effective managewhich empowered the whole team.

Innovations Generate a Legacy for Industry
In addition to the innovative solutions developebtigh the use of horizontal propping
and suspended floor slabs within the KGS Car RhagAlliance Management Team
explored many other design and construction idgashwform a platform for the future in
the industry. Some of these have been outlinedqusly, and are touched on briefly here
since they illustrate leadership driven innovation:
* the plan to re-use the existing redundant raildgeidt Countess Street to help
avoid major traffic disruptions and save costs
» the stimulation to progress smaller projects withie area. The team was able to
deliver a number of these, including part of BCf&development of KGS, the
Cycle Centre and Caxton-Roma Pedestrian Link
* innovative containment measures to prevent fires fspreading between the
busway and the neighbouring infrastructure, and
« effective smoke duct and smoke management appreache

Embedding of Stakeholder Personnel in the Proj@désagement Team
A number of Alliance stakeholder management straseigcilitated the success of the
project, including the strategic placement of pers from key stakeholders within the



project team. These roles played a critical comeation link and facilitated shared
understanding. They included TransLink represergaBCC Project Liaison Manager,
BCC Traffic Coordination Officer and QR Project isan Officer.

KEY RESULT AREAS (KRAs) AND PROJECT OUTCOMES

Contemporary construction in a CBD environmentosw delivering a holistic urban outcome
which combines excellence in design, constructtommunity and stakeholder relations and
quality. The INB HUB Alliance team consistently denstrated speedy, innovative responses
needed for success. Planned project activitiesdwas were continually challenged and the goals
for milestones were repeatedly made harder

To measure KRAs, the project developed a pointeceatings scheme that allowed a negative
or positive rating, spanning a spectrum from mib08 to plus 100. The seven KRAs were:
Time; Cost; Community; Stakeholders; Big Q QualiEyvironment and Sustainability; and
Culture and People. These KRAs were clearly impbitiathe project owner, QT, and equally
important to the Alliance. The KRAs were measurbgctively, as outlined below. Although
safety was not a specific KRA, the project teanc@ththe highest priority on managing this
important factor.

The INB team was determined to achieve exceptigsallts beyond all expectations. To do this,
the team identified and agreed extremely challemtangets for key elements of the project.
Innovation, collaboration and determination leathi Alliance achieving exceptional results
against KRA targets as shown in Figure 7.
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Figure 7: Results for the INB HUB Alliance (Quelamsl Transport, Leighton Contractors,
Maunsell (now AECOM), Coffey, Bligh Voller Nield drEDAW (now EDAW AECOM)

Every Alliance team member contributed to reachiveghighest standards by collaborating on
innovative solutions to set new benchmarks for esscOutstanding leadership, team
commitment, and expert management made thesesgagsible. This was reflected in specific
achievements as indicated above. For example tienée:

* delivered the INB under budget and six months early
» lived and breathed a “Safety above all else” celtwhich drove outstanding outcomes,
including zero Class One incidents in close to taithon man hours



* was unique at the time in appointing a peak peréorte manager, establishing a Peak
Performance Plan and tracking People and CultusekiRA

» adopted extensive sustainability initiatives inahgdthe early use of Green Power for all
project offices

* conserved a number of significant cultural heritdgeoveries and delivered additional city
legacies, and

* used innovation to adapt existing structures sgch @ountess Street rail bridge and the
KGS car park.

The exceptional results achieved on the INB haenlvecognised by major industry awards
including the Alliancing Association of Australidligh Commendation — Alliance Team of
Excellence Award); Civil Contractors FederationtBakward (State Award for Project Greater
than $75million); Public Relations Institute of Araia Award (Winner — Community Relations
Award); Public Relations Institute of Australia (@mendation - Golden Target Awards for
Excellence (National) - Community Relations Catgyoluring 2008.

CONCLUSIONS

The initiatives created by strong leadership, agldzdred on-site show that the methods followed
by the Alliance were highly effective. The INB tsetresult of demonstrated leadership with a
shared vision, coupled with good management tcegehexcellent implementation.

Busway patrons, commuters and all who experiene@®tisbane CBD are the winners.

In design and construction innovation, and in bigsetkelivered to the public, the INB is indeed a
proven platform for the future.

The relatively modest budget of $333 million belied myriad complexities and high profile
nature of the project. Meeting the budget was anwjallenge — a previous attempt by others to
deliver the project had failed, with budget a ciimiting factor. The Alliance team not only
completed the INB under budget, but also deliveneidtanding outcomes across the Key Result
Areas (KRASs) of Schedule; Cost; People and Cult@naglity; Stakeholder and Community
Relations; and Environment and Sustainability. Hig#fective safety management was also
achieved. The challenge was met by the INB HUBahltie team of Queensland Transport,
Leighton Contractors, Maunsell (now AECOM), Coff®Jigh Voller Nield and EDAW (now
EDAW AECOM) — and was supported by Brisbane CityQaol.

The complexity of constructing the INB can be surdrap by the following: no single 50m
section was the same. Similar can be said for yrgachof design refinements, logistical
requirements, impacted stakeholders, safety clggleand time constraints: every challenge was
different. The true success of this project is thaéamlessly blends with the heart of Brisbane,
with minimal acknowledgement of its complex andligraging past. The INB project truly

reflects the Alliance teams’ keenness to deliveigaificant project using management and
technical innovations.
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